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Abstract: New conflicts have been arising between energy production and nature conservation, as a
consequence of promoting policies for exploiting renewable sources in order to tackle climate change.
Assessing the amount of additional land required for renewable energy production has become a
crucial aspect of natural resource exploitation. Two research paths are here considered in an attempt
to assess this needed additional space in relation to the amount of energy produced by RES
(Renewable Energy Source) and the heating demand of a territory. We use open source GIS tools to
estimate the energy potential of three energy sources. We examine the relationship between the
potential of each energy source and the land use change given by its exploitation in a selected study
area. The presented work estimates the potential of the RES, compared this potential with the
estimated thermal demand and calculate the amount of land use change required to supply a certain
area. A site-specific model is developed for EU28 and estimates the RES potential available trying to
minimize the change of the current land-use and the environmental impacts. The analysis considered
the technical losses that are required to use the forest biomass, wind and solar energy at regional
level. Decision makers can use the analysis resulting from this study to define sustainable policies in
terms of renewable energy planning and avoid energy related land use changes and conflicts at local
level.

Keywords: Renewable energy; energy land footprint; land use change; energy spatial assessment.
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INTRODUCTION

The increase in the production of energy from renewable sources is leading to conflicts related to the
competing uses of such sources and the land use change their exploitation entails (Jackson, 2011).
The use of renewable sources to generate electricity and heat can be considered sustainable from an
environmental perspective when certain constraints are considered (Evans et al., 2009). This study
prioritizes the use of different Renewable Energy Sources (RES) by estimating their land
requirements, so-called “footprint”, in relation to their energy potential and the thermal energy demand
of a territory. The “footprint” approach we refer to is the method introduced by Hastik et al., 2016 that
examines potentials and impacts of RES in the European Alps considering the ecosystem-service
impacts and land use proportions. Since the “footprint” approach has been criticized for overlooking
the environmental impacts of prospective land use changes (van den Bergh and Grazi, 2014), we
start by calculating the potential of each source including specific constraints related to their
sustainable use.
This study aims to perform a comprehensive assessment of the renewable potential for EU28
countries at NUTS3 level. The NUTS, Classification of Territorial Units for Statistics, is a "hierarchical
system for dividing up the economic territory of the EU”; NUTS3 territorial units generally correspond
to provinces, counties, districts or metropolitan areas (Eurostat, 2015). The EU28 comprises 1373
NUTS3 territorial units: the smallest unit has an area of 13 km 2, while the biggest one has an area of
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10.5 x 106 km2. For each territory, we calculate the “footprint” of forest biomass, wind and solar power,
in relation to their potential and to how well they satisfy the thermal energy demand. These RES are
increasingly used in EU28, second only to hydropower, which represent the greatest RE contribution
(European Renewable Energy Council, 2010). We do not consider hydropower in this study since
most of its potential in the area has been already exploited (Paish, 2002) and the EU set rigid targets
for preserving water quality and pursuing a sustainable river basin management (European
Commission, 2016a). We focused on heating demand because “84% of heating and cooling is still
generated from fossil fuels” (European Commission - H&C, 2018)
The theoretical potentials of these RES are calculated considering specific sustainability criteria
selected by the authors based on previous studies. The technical potential of each energy source is
computed by applying technical parameters to the theoretical potential. The technical potential is
weighed up against the heat demand density of the area and the “footprint” required by each RES.
We consider the demand for heating rather than the one for electricity, since only a small share of the
former is covered by RES (European Commission, 2016b). We do not consider the cooling demand
because thermal energy in the EU28 is predominantly used for heating (Fleiter et al., 2017).
Results indicate what RES each territory should exploit in order to satisfy its heat demand while
limiting its “footprint” in term of land use change. Due to the basic inputs required to perform the
analysis, this method can be replicated also in territories outside EU28. Data on theoretical potential
and heat demand density of these sources were collected and elaborated in the framework of the
Hotmaps Project (“Hotmaps”, 2018) and the method is tested in the project pilot areas, which are
seven European cities.
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MATERIALS AND METHODS

The methodology follows four main steps: i) assessment of RES theoretical potential considering
sustainability criteria; ii) conversion of the theoretical potential into a technical potential; iii) calculation
of the RES shares meeting the heat demand; iv) assessment of the land use “footprint” of each RES.
The sources of data and methods for calculating the theoretical and technical potential as well as the
sustainability criteria applied to each RES are listed in the following sections. The assessment of the
heat demand is made using a heat density map produced in the Hotmaps project framework
(“Hotmaps”, 2018): this is a 100mx100m raster layer for EU28, Norway, Iceland and Switzerland
mapping the heat demand density for space heating and domestic hot water in MWh.
Data on the potential of forest primary residues at country level for EU28 were retrieved from the D2.3
of the Biomass Policies project (Elbersen et al., 2014). Using the EFISCEN forest inventory database
(“Inventory database | EFI.int,” n.d.), they assumed that the forest biomass to be used for energy
purposes would only come from the removal of residues related to roundwood production. The
following constraints were considered (Elbersen et al., 2014): “site productivity, soil surface texture,
soil depth and soil bearing capacity, natural soil susceptibility to compaction, slope, Natura 2000
sites”. We then redistributed these data at NUTS3 level using the Corine Land Cover, a 100mx100m
raster layer that classifies land cover types into 44 categories (EU, 2012a). For the spatialization of
forest residues, we considered the following classes: broad-leaved forest, coniferous forest, mixed
forest, natural grassland, moors and heathland, sclerophyllous vegetation, transitional woodland
shrub. Assuming to use wood residues in CHP plants, the potential is multiplied by an efficiency of
90% (Shen et al., 2015) and divided by the surface of each NUTS3 area. Heat production from forest
residues has a low land “footprint” (Fritsche et al., 2017), but further calculation are needed.
Data on wind power density in W/m 2 for 50, 100 and 200 m high windmills have been retrieved from
the Global Wind Atlas (IRENA, 2009) as a 1kmx1km raster layer. For the spatialization of wind
potential, we selected areas with low or sparse vegetation and bare and burnt areas from the Corine
Land Cover (EU, 2012a). In addition, we excluded: areas above 2500 m.a.s.l., urban settlements,
corridors for bird connectivity (European Environment Agency, 2002) and Natura 2000 sites
(European Commission, 2016c). Wind power density is multiplied by the rotor area, assuming rotor
diameters of 50, 100 and 150 m (Sieros et al., 2012), and by 8760 hours and divided by 1 billion to
obtain the potential in GWh. The potential is aggregated at NUTS3 level and multiplied by an array
efficiency of 92,5% and an availability factor of 97%, then 10% of load hour losses are subtracted
(European Environment Agency, 2009). Only 10% of the land used for a wind farm is occupied by the
plant (Fritsche et al., 2017).
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Data on annual global radiation on optimally inclined surfaces in kWh/m2 were retrieved from the
PVGIS tool as a 1kmx1km raster layer (European Commission, 2012). We assumed to install solar
panels only on roofs of existing buildings: the raster file mapping solar radiation was crossed with the
European Settlement Map, a 10mx10m raster layer downloaded from the Copernicus Land Monitoring
System (EU, 2012b). The theoretical potential in kWh/m2 is then multiplied by three factors (Hastik et
al., 2016): an efficiency of 15%, a system performance ratio of 80%, and a proportion of buildings
realistically used for solar power of 13,6% (based on a GIS analysis carried out by the authors in
Tyrol, Austria). The already low land “footprint” of solar power can be considered equal to zero when
panels are installed on existing roofs (Fritsche et al., 2017).
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PRELIMINARY AND EXPECTED RESULTS

Table 1 shows the results in terms of energy potential for the selected pilot areas. Solar power
represents the RES with the highest potential in all cities (highlighted in light grey). All cities would be
able to satisfy their heat demand with RES. Since solar panels entail no land use, the priority should
be given to this source in all pilot areas. We do not consider land use changes related to the
construction of district heating networks since they are generally installed adjacent to other
infrastructures such as water, sewers and electricity pipelines and roads.
Table 1. Annual RES potential and heat demand in kWh/m 2 in Hotmaps NUTS3 pilot areas.

Forest residues
Solar power
Wind power 50 m
Wind power 100 m
Wind power 200 m
Heat demand
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Geneva
0.06
350.33
0.00
0.00
0.00
34.25

Frankfurt
0.15
598.22
0.00
0.00
0.00
65.02

Aalborg
0.07
79.68
0.13
0.26
0.34
11.02

San Sebastián
0.31
71.90
0.97
0.39
1.52
17.00

Kerry
0.03
33.45
1.54
2.09
3.82
12.10

Bistrita
0.16
32.74
0.18
0.14
0.23
6.73

Milton Keynes
0.01
299.24
0.00
0.00
0.00
28.97

CONCLUSIONS

This method is focused on identifying which RES could sustainably satisfy the heat demand.
Environmental sustainability is addressed by including specific criteria in the calculation of energy
potential and by stressing the land use impact, or “footprint” of each RES. The advantage of this
research is that it performs a comprehensive assessment of three of the most used RES at local level
from an energetic and environmental perspective. Territories where the heat demand is not met by
RES should consider either reducing their energy needs or increasing RES shares. Energy planners
could use the model here developed to achieve the latter objective in a sustainable way: this study
allow them to identify surrounding territories with a surplus in RE production with respect to their
demand and start a dialogue for supplying the necessary heat. The analysis proposed here is
performed on an annual basis: this could be a limitation because the model does not consider the
hourly and seasonal changes in the heat demand.

ACKNOWLEDGEMENTS
This study was conducted in the framework of the Horizon 2020 Hotmaps project. The authors would
like to thank all the partners involved in the project and especially the Technical University of Wien
(Institute of Energy Economics) for the coordination and support in all the task activities.

REFERENCES
Elbersen, B., Staritsky, I., Hengeveld, G., Jeurissen, L., 2014. Outlook of spatial biomass value chains
in EU28. Intelligent Energy Europe.

G. Garegnani et al. / A GIS Tool to Evaluate the Renewable Energy Footprint

EU, 2012a. CORINE Land Cover — Copernicus Land Monitoring Service [WWW Document]. URL
https://land.copernicus.eu/pan-european/corine-land-cover (accessed 3.30.18).
EU, 2012b. Copernicus Land Monitoring Service - EU-DEM [WWW Document]. Eur. Environ. Agency.
URL: https://www.eea.europa.eu/data-and-maps/data/copernicus-land-monitoring-service-eu-dem
(accessed 1.18.18).
European Commission, 2016a. EU Water Framework Directive [WWW Document]. URL
http://ec.europa.eu/environment/water/water-framework/info/intro_en.htm (accessed 3.29.18).
European Commission, 2016b. Heating and cooling [WWW Document]. Energy. URL
http://ec.europa.eu/energy/en/topics/energy-efficiency/heating-and-cooling (accessed 3.30.18).
European Commission, 2016c. Natura 2000 sites [WWW Document]. URL
http://ec.europa.eu/environment/nature/natura2000/data/index_en.htm (accessed 2.12.18).
European
Commission,
H&C
European
Commission.
URL:
https://ec.europa.eu/energy/en/topics/energy-efficiency/heating-and-cooling (accessed 14.05.18)
European Commission, 2012. PVGIS [WWW Document]. URL http://re.jrc.ec.europa.eu/pvgis/
(accessed 2.12.18).
European Environment Agency, 2009. Europe’s onshore and offshore wind energy potential: an
assessment of environmental and economic constraints. Publications Office, Luxembourg.
European Environment Agency, 2002. Common Database on Designated Areas - CDDA International
[WWW Document]. Eur. Environ. Agency. URL https://www.eea.europa.eu/data-andmaps/data/external/common-database-on-designated-areas (accessed 2.12.18).
European Renewable Energy Council (Ed.), 2010. Renewable energy in Europe: markets, trends, and
technologies, 2nd ed. ed. Earthscan, London ; Washington, DC.
Eurostat, 2015. NUTS 2013 Classification [WWW Document]. URL
http://ec.europa.eu/eurostat/web/nuts (accessed 11.29.17).
Evans, A., Strezov, V., Evans, T.J., 2009. Assessment of sustainability indicators for renewable
energy technologies. Renew. Sustain. Energy Rev. 13, 1082–1088.
https://doi.org/10.1016/j.rser.2008.03.008
Fleiter, T., Elsland, R., Rehfeldt, M., Steinbach, J., Reiter, U., Catenazzi, G., Jakob, M., Rutten, C.,
Harmsen, R., Dittmann, F., Rivière, P., Stabat, P., 2017. Heat Roadmap Europe 2050 - A lowcarbon heating and cooling strategy.
Fritsche, U.R., Berndes, B., Cowie, A.L., Dale, V.H., Kline, K.L., Johnson, F.X., Langeveld, H.,
Sharma, N., Watson, H., Woods, J., 2017. Sustainable energy options and implications for land
use.
Hastik, R., Walzer, C., Haida, C., Garegnani, G., Pezzutto, S., Abegg, B., Geitner, C., 2016. Using the
“Footprint” Approach to Examine the Potentials and Impacts of Renewable Energy Sources in the
European Alps. Mt. Res. Dev. 36, 130–140. https://doi.org/10.1659/MRD-JOURNAL-D-1500071.1
Hotmaps [WWW Document], 2018. URL http://www.hotmaps-project.eu/ (accessed 1.11.18).
Inventory database | EFI.int [WWW Document], n.d. URL
https://www.efi.int/knowledge/models/efiscen/inventory (accessed 3.27.18).
IRENA, 2009. Global Atlas Gallery 3.0 [WWW Document]. URL
https://irena.masdar.ac.ae/gallery/#map/103 (accessed 1.9.18).
Jackson, A.L.R., 2011. Renewable energy vs. biodiversity: Policy conflicts and the future of nature
conservation. Glob. Environ. Change 21, 1195–1208.
https://doi.org/10.1016/j.gloenvcha.2011.07.001
Paish, O., 2002. Small hydro power: technology and current status. Renew. Sustain. Energy Rev. 6,
537–556.
Shen, X., Kommalapati, R., Huque, Z., 2015. The Comparative Life Cycle Assessment of Power
Generation from Lignocellulosic Biomass. Sustainability 7, 12974–12987.
https://doi.org/10.3390/su71012974
Sieros, G., Chaviaropoulos, P., Sørensen, J.D., Bulder, B.H., Jamieson, P., 2012. Upscaling wind
turbines: theoretical and practical aspects and their impact on the cost of energy: Upscaling wind
turbines: theoretical and practical aspects. Wind Energy 15, 3–17. https://doi.org/10.1002/we.527
van den Bergh, J.C.J.., Grazi, F., 2014. Ecological Footprint Policy? Land Use as an Environmental
Indicator: Footprint Policy? J. Ind. Ecol. 18, 10–19. https://doi.org/10.1111/jiec.12045

